18 The role of vulnerability factors in individuals with an at-risk mental state of psychosis
sible to distinguish whether these factors are early or late indicators of increased vulnerability, a consequence of the early stages of disease development, or external stressors in the sense of triggers.
Over the past decades, several vulnerability factors for the development of psychoses have been identified. For the prenatal period until birth, in utero infections, malnutrition, advanced paternal age, maternal stress, birth during winter and early spring and non-specific complications during pregnancy and delivery have repeatedly been shown to be associated with an increased risk for schizophrenic psychoses [7] . The most replicated vulnerability factors for psychoses include urban upbringing, migration, cannabis use, low socio-economic status, childhood trauma and infections [7] .
How these vulnerability factors contribute to the risk for psychoses is subject to intense debate. For instance, it has been hypothesized that urban upbringing may be linked to psychoses via the mediating effect of various other factors related to urban living. These include greater exposure to toxins, increased health-risk behaviours such as smoking or drug abuse, increased stress, distinct dietary patterns and specific sociocultural features [8] .
The majority of research on vulnerability factors for psychoses has been conducted retrospectively in individuals already affected by the disease. By contrast, less research has examined these factors in at-risk mental state (ARMS) individuals who are suspected to be in the prodromal phase of psychosis or first-episode psychosis (FEP) patients [9] . Given that the effects of stressors may be even more pronounced prior or during the first onset of psychosis [10] , it appears vital to study vulnerability factors in ARMS and FEP individuals. Moreover, this approach may help to determine preventive strategies to counteract an onset of psychosis.
Previous studies in ARMS or FEP individuals observed higher proportions of various vulnerability factors in these study groups as compared to healthy controls (HC), suggesting that they may play a role in the onset of psychoses [11] . Among these, difficulties during school education [12] [13] [14] [15] or employment [16, 17] , being single [16, 18] , difficulties in intimate relationships [19] , motor coordination difficulties during childhood [20] , substance abuse [21] and a close family history of psychiatric disorders [16] have been identified. Moreover, being more commonly exposed to stressful situations such as feeling criticized by others [22] has been associated with an ARMS or psychosis.
In this study, we compared the relative frequencies of the aforementioned vulnerability factors for psychoses between ARMS, FEP and HC individuals and investigated their contribution to transition to psychosis. We hypothesized that vulnerability factors associated with psychoses are more prevalent in FEP and ARMS individuals than in HC subjects. Moreover, we assumed that they are associated with transition to psychoses in ARMS individuals.
ohne Psychose-Entwicklung (n = 55) verglichen. Survival-Analysen wurden verwendet, um Assoziationen zwischen der Zeit bis zu einer psychotischen Dekompensation und Vulnerabilitätsfaktoren in allen 127 Probanden mit Psychoserisiko-Status zu bestimmen.
Ergebnisse Die Vulnerabilitätsfaktoren/-indikatoren "Schwierigkeiten während der Schul-oder Berufsausbildung", "Schwierigkeiten während der Arbeit", "alleinstehend sein", "Schwierigkeiten bei intimen Beziehungen" und "sich belastet fühlen durch stressige Situationen", waren häufiger bei den Psychoserisiko-Patienten und den ersterkrankten Psychose-Patienten vorhanden als bei gesunden Kontrollen.
Schlussfolgerungen Psychoserisiko-Patienten und erst erkrankte Psychose-Patienten weisen häufiger Vulnerabilitätsfaktoren/-indikatoren auf. Einzeln scheinen diese jedoch nicht prädiktiv für eine psychotische Dekompensation zu sein.
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Background
Schizophrenic psychoses are aetiologically complex diseases that affect about 0.5− 1 % of the population during their lifetime [1] . Family, twin and adoption studies have consistently suggested a strong genetic component to the aetiology of schizophrenic psychoses, while the effects of environmental factors on the emergence of psychoses have been typically found to be rather modest [2] . However, it has been argued that heritability measures may underestimate the role of environmental factors since complex gene-environment interplay mechanisms are included in the genetic component of the heritability model [2] . Accordingly, major attempts are currently being undertaken to gain deeper insights into the complex ways in which genetic and environmental factors interact to provoke psychoses [3] .
As suggested by Zubin and Spring [4] in their vulnerability-stress model of schizophrenia, internal and external stressors interact with the neurobiological proneness of an individual, thereby triggering the onset of illness. Identifying indicators of heightened vulnerability for psychoses and relevant stressors may thus have important consequences to our understanding of the aetiology of these disorders. Indicators of vulnerability are presumed to reflect ongoing proneness to develop psychoses and refer to anomalous traits that are already present prior to the onset of clinical symptoms [5] . As such, they are considered more central to underlying aetiological processes than the clinical symptoms themselves [5] . Stressors such as discrete life events or prevailing stress have been shown to influence the onset and course of schizophrenic psychoses [6] .
Here, we collectively refer to vulnerability indicators and stressors as vulnerability factors since it is not pos-for the assessment of the main outcome category "at risk for psychosis" and a high predictive validity [24] .
On the basis of the BSIP, individuals were classified as either being in an ARMS for psychosis, having an established FEP, or being not at increased risk of psychosis. ARMS and FEP individuals were invited to take part in the FePsy study, provided that they did not meet any exclusion criteria as outlined above.
Assessment of vulnerability factors
Following study inclusion, all participants were assessed using the Basel Interview for Psychosis (BIP) [27] . The BIP is a comprehensive semi-structured interview specifically designed for assessing the development of psychopathological symptoms and the presence of psychosis vulnerability indicators and stressors. For this study, items from the first section of the BIP "social and physical development, family" and the third section "vulnerability" were selected.
In the first section of the BIP, items are measured on a binary scale indicating the presence or absence of a given vulnerability factor. Here, the following vulnerability indicators and stressors were selected (Table 1 ) (a) difficulties during school or vocational training resulting in repetition of a class, interruption, drop out or change, (b) difficulties during employment resulting in interruption, drop out or change, (c) a marital status of being single, separated, divorced, or widowed, (d) exceptional difficulties in relationships with partners, (e) motor coordination difficulties during childhood and (f ) lifetime substance use. As described before, individuals fulfilling criteria for current drug use (except cannabis) were excluded from this study.
In the third section of the BIP, items are measures on a three-point ordinal scale corresponding to vulnerability indicators either being "present", "questionable present", or "not present". For the current analysis, only items coded as being "present" or "not present" were considered. The following vulnerability indicators were selected (Table 1 ) (a) being burdened with criticism or rejection by others, (b) being burdened with conflicts with others, (c) being burdened with intensive positive feelings towards others, (d) being burdened with ambiguous situations, (e) being burdened with noisy environments and (f ) being burdened with working under time pressure.
In the following section we collectively refer to vulnerability indicators and stressors as "vulnerability factors".
Follow-up and transition to psychosis
ARMS individuals were reassessed at regular time intervals to examine whether transition to psychosis had occurred. Transition to psychosis was examined based on the Brief Psychiatric Rating Scale (BPRS) [28] items "suspiciousness", "unusual thought content", "hallucinations" and "conceptual disorganization" which are
Methods

Setting and recruitment
Study participants were recruited between 1 March 2000 and 31 July 2014 as part of the prospective "Früherken-nung von Psychosen" (FePsy; English: early detection of psychosis) study. A detailed description of the study design can be found elsewhere [23] . In brief, individuals suspected to be in their early (prodromal) phase of psychosis were referred to our specialized early detection clinic at the Psychiatric University Outpatient Department of the Psychiatric University Clinics Basel, Switzerland. HC subjects were recruited from trade schools, hospital staff and through advertisements.
To be included into the study, individuals had to be at least 18 years of age. Exclusion criteria for FEP and ARMS individuals were as follows: insufficient knowledge of German, intelligence quotient (IQ) below 70, previous episode of schizophrenic psychosis, psychosis clearly due to organic reasons or substance abuse, or psychotic symptomatology within a clearly diagnosed affective psychosis or borderline personality disorder. Subjects treated with antipsychotics > 3 weeks or who had exceeded a 2500 mg cumulative chlorpromazine equivalent dose were excluded. For the HC group, a current or former psychiatric disorder or neurological disease, serious medical condition, substance abuse, or a family history of psychiatric disorders were additional exclusion criteria.
This study was approved by the regional Ethics Committee ( HYPERLINK "http://eknz.ch/" Ethikkommission Nordwest-und Zentralschweiz, EKNZ) and conforms to the provisions of the Declaration of Helsinki. All participants provided written informed consent.
Screening procedure
Individuals were screened with the Basel Screening Instrument for Psychosis (BSIP) which has been specifically designed for identifying individuals presenting with putative prodromal symptoms or full-blown FEP [24] . The BSIP consists of seven sections that capture prodromal symptoms as specified in the revised third edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III-R) [25] , other early psychosis symptoms as derived from the literature and current or previous (pre)psychotic symptoms corresponding to the Personal Assessment and Crisis Evaluation (PACE) criteria [26] . Individuals were classified as being in an ARMS if they met one of the following inclusion criteria: (a) attenuated or brief limited psychotic symptoms according to the PACE criteria [26] , (b) familial aggregation of psychotic disorders in combination with at least two further risk factors similar to the PACE criteria [26] , or (c) a minimal amount and combination of certain risk factors according to the screening instrument (for details, see [24] ). The BSIP has been shown to have a good interrater reliability (k= 0.67) 100 completed datasets were obtained to protect against a potential power fall-off from a very small number of imputations [29] . For study participants who provided less than half of the BIP outcome measures of interest, no imputations of missing values were conducted and nonexisting values were considered missing.
Next, survival analyses were conducted to examine the predictive value of the selected vulnerability factors for transition to psychosis (event) in the ARMS group. Here, the whole ARMS-NT sample regardless of their follow-up duration were included in the analysis since survival analyses take this factor into account. The Cox proportional hazards regression model was applied to each variable to test for the association between a particular variable and later transition to psychosis, taking into account the time to transition to psychosis. Age and gender served as covariates in our model.
Results
Sample characteristics
In total, 241 individuals were recruited as part of the FePsy study during the specified time interval that provided information for at least one of the vulnerability factors of interest and were thus included in this study. These were 28 HC (12 %), 86 FEP (36 %) and 127 ARMS (53 %) individuals. In total, 31 ARMS individuals had a transition to psychosis during the follow-up period (ARMS-T), while 96 did not (ARMS-NT). Of the latter, 55 were regarded as "true" non-converters because we had followed them implemented in the BSIP and correspond to the criteria by Yung et al. [26] . To disentangle the impact of vulnerability factors on transition to psychosis, the ARMS group was divided post hoc into those who experienced no transition to psychosis during the follow-up period (ARMS-NT) and those with a transition to psychosis (ARMS-T).
Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS), version 22.0. A p-value of ≤ 0.05 was considered statistically significant. Differences in socio-demographic characteristics between the diagnostic groups (HC, ARMS-NT, ARMS-T and FEP) were examined using Analyses of Variance (ANOVA) or Chi 2 -tests where appropriate. To investigate whether significant differences between HC, ARMS-NT, ARMS-T and FEP regarding vulnerability factors exist, we compared the selected items of the BIP between the groups using the Chi 2 -test. In case of significant findings, post-hoc Chi 2 -tests were employed to compare two groups each with each other. For this comparison, only ARMS-NT subjects with a follow-up duration of at least 3 years were included in the analysis in order to reduce the likelihood that these individuals may still go on to develop psychosis.
Since some of the outcome measures contained missing data, we performed multiple imputations using SPSS for study participants that provided information for at least half of the outcome measures of interest. Here, we generated 100 imputations of the missing values such that Finally, there were significant differences between the groups regarding current pharmacotherapy and current severity of psychiatric symptoms. Post-hoc analyses showed that the FEP group, as expected, received more frequently antipsychotic medication at baseline as compared to ARMS-NT (p = 0.001) and ARMS-T individuals (p = 0.001) and more frequently antidepressant medication at baseline as compared to ARMS-NT individuals (p = 0.012). Also, the FEP group had significantly more severe psychiatric symptoms as compared to both ARMS groups (both p = 0.001). Between the ARMS-NT and ARMS-T groups, no significant socio-demographic differences emerged (Table 3) .
Frequency of vulnerability factors between the groups
When comparing the proportion of the selected vulnerability factors between the groups, several significant differences emerged (Table 4) . First of all, there was a significant group effect for the vulnerability factors "difficulties during educational or occupational training" and "difficulties during employment". Post-hoc analyses revealed that the HC group had significantly less often difficulties during educational or vocational training as compared to the ARMS-NT (p = 0.001), ARMS-T (p = 0.001) and FEP (p = 0.001) group. Similarly, the HC group had significantly less often difficulties during employment than ARMS-NT (p = 0.006), ARMS-T (p = 0.001) and FEP (p = 0.001) individuals. Moreover, significant differences between the groups emerged for "marital status". Post-hoc analyses showed that the HC individuals were significantly less often single (including divorced, separated, widowed) than ARMS-NT (p = 0.021), ARMS-T (p = 0.029) and FEP (p = 0.002) subjects. Also, significant group differences emerged regarding "difficulties in relationships with partners". The up for at least 3 years (median follow-up duration: 60 months), while the remaining ARMS-NT had been followed-up for a shorter period of time (median follow-up duration: 10 months).
For five individuals (2.1 %), more than half of the BIP items were missing. Accordingly, no imputations of missing items for these individuals were conducted. All other subjects provided information for at least half of the BIP items and missing values were thus imputed (for details, see Supplementary Table 1) .
With regard to socio-demographic characteristics (Table 2) , there were no significant differences between the groups in terms of gender or psychotherapeutic treatments. However, age and years of education significantly differed between the groups. Post-hoc analyses showed that the HC group was significantly younger than the 
Vulnerability factors as predictors of transition to psychosis
To investigate if any of these vulnerability factors predict transition to psychosis, we conducted survival analyses within the ARMS group (n = 127; Table 5 ). The analyses revealed no significant association between time to transition to psychosis and any of the included vulnerability factors.
Discussion
In this study, we confirmed that a variety of vulnerability factors/indicators are more commonly present in individuals with an ARMS for psychosis and in FEP patients as compared to HC subjects. These include difficulties during school education or vocational training, difficulties during employment, being single, difficulties with intimate relationships and being burdened with specific stressful situations. However, we did not find any of these vulnerability factors to carry a predictive value for a subsequent transition to psychosis on its own. Our finding that difficulties during school education or vocational training and during employment are more common in ARMS-NT, ARMS-T and FEP individuals as compared to HC subjects is well in line with previous HC group had significantly less commonly difficulties in relationships with partners than ARMS-NT (p = 0.004), ARMS-T (p = 0.013) and FEP (p = 0.001) individuals.
Finally, significant differences between the groups emerged with regard to "being burdened with intense positive feelings towards others", "being burdened with noisy environments" and "working under time pressure". Post-hoc analyses revealed that the HC group was significantly less often burdened with intense positive feelings towards others as compared to the ARMS-NT (p = 0.032) and FEP group (p = 0.005). Moreover, HC individuals suffered significantly less often from noisy environments as compared to ARMS-NT (p = 0.025), ARMS-T (p = 0.023) Table 4 Group differences regarding vulnerability factors Vulnerability factor HC (n = 28) ARMS-NT (n = 55) ARMS-T (n = 31) FEP (n = 86) Statistics indicating that early psychotic episodes are more likely preceded by environmental stressors than later episodes [39] . Previous research found a history of substance use to be predictive for transition to psychosis [40] . We did not find this vulnerability factor to be associated with an onset of psychosis in our study sample. Since a history of drug use was evident in more than 70 % of our ARMS group, it would be interesting to assess the frequency and quantity for each type of drug in future follow-up appointments of the participants to determine whether these factors may impact on transition to psychosis.
Our findings imply that psychotherapeutic intervention programmes should focus on coping strategies to reduce the impact of stress in ARMS and FEP individuals. Amongst these, difficulties during school education or during employment, difficulties with intimate relationships and being exposed to specific stressful situations may be important aspects to consider. Moreover, help from social workers with school-or work-related problems may be beneficial as well as training in social skills where required.
The major strengths of this study are that we recruited a relatively large cohort of ARMS and FEP individuals and that ARMS individuals were followed up at regular intervals for a relatively long time period to assess transition to psychosis. Several limitations need to be addressed, though. First of all, interpretation of our results regarding vulnerability factors for transition to psychosis needs to be conducted within the framework of the ARMS for psychosis since this study is not based on a general population sample but on help-seeking individuals presenting with putative prodromal symptoms. Furthermore we have so far only tested single factors regarding predictivity, not a combination of factors as indicators of underlying vulnerability. Second, the presence of vulnerability factors/indicators was only assessed at study intake and we can therefore not draw any conclusions regarding their course over time. Third, we did not assess the presence of protective factors such as coping skills in ARMS individuals which may have counteracted transition to psychosis. Fourth, ARMS individuals were examined regularly at our early detection clinic and received cognitive-behavioural case-management where needed. Accordingly, it appears likely that the support offered by the early detection clinic counteracted the influence of vulnerability factors on transition to psychosis. Fifth, as described in the introduction, it cannot be inferred from our data whether the observed vulnerability factors are indicators of increased vulnerability, a consequence of the early stages of disease development or external stressors in the sense of triggers.
In conclusion, ARMS and FEP individuals frequently present with various vulnerability factors, including difficulties during school education or vocational training, difficulties during employment, being single, difficulties with intimate relationships and being burdened with specific stressful situations. Future research should assess vulnerability factors as well as protective factors in studies [12] [13] [14] [15] . Given that widespread neurocognitive deficits have been detected in ARMS and FEP individuals [30, 31] , it appears likely that these may negatively impact on school and work performance, leading to increased rates of interruption, drop out or change of school/ employment in ARMS and FEP individuals. In line with this hypothesis, previous studies have indeed repeatedly observed an association between neurocognitive abilities and functional outcome, including occupational functioning [32] .
The finding of our study that ARMS-NT, ARMS-T and FEP individuals are more likely to be single (including being separated, divorced, or widowed) as compared to the HC group is well in line with previous findings [16, 18] . Of note, being single appears to be particularly associated with an onset of psychosis in individuals living in areas with relatively few single people [33] . Interestingly, ARMS-NT, ARMS-T and FEP individuals also reported more often difficulties in intimate relationships with partners than HC subjects which may reflect social functioning impairments that have been identified as a vulnerability factor for psychosis [34] . All in all, it appears likely that being single and having difficulties in intimate relationships are related to each other.
We found ARMS-NT and FEP individuals to feel more often burdened with intense positive feelings towards others as compared to controls. Moreover, being burdened with noisy environments and working under time pressure was significantly more common in ARMS-NT, ARMS-T and FEP individuals. These findings are in line with oversensitivity being an important first sign of emerging psychosis. They are also supporting the assumption that daily hassles can trigger the emergence of psychiatric symptoms via increased psychosocial stress [4] and in accordance with previous studies that observed daily stressors to be related to symptom severity in patients with schizophrenia [35] or individuals at risk for psychosis [36] .
Although we observed various vulnerability factors to be more common in the ARMS and FEP groups, none of these factors was predictive for a subsequent transition to psychosis in ARMS individuals on its own. This finding does not exclude that these vulnerability factors are predictive in combination with each other or with other factors, which will be tested in a next step. Apart from that many vulnerability factors for psychosis appear to constitute general risk markers for a great variety of psychiatric disorders [37] .
Our finding that difficulties during school education and employment are more common in both ARMS groups and FEP individuals but not predictive for an onset of psychosis is partly opposed to findings by Dragt et al. [38] who observed the frequency of job change or interruption of school attendance to be associated with an onset of psychosis. One potential reason for this discrepancy may be related to the fact that the ARMS participants in the study of Dragt et al. [38] were on average about 5 years younger than those in our study cohort and had an earlier age of psychosis onset, with research
